Medial column (deltoid ligament) integrity is of key importance when considering the stability of isolated lateral malleolus ankle fractures.
Introduction
Management of ankle fractures has evolved over the last 10 years. As scientific (laboratory, cadaveric and clinical) research has led to better understanding of the biomechanics and patho-anatomy of the ankle, this has allowed more accurate evaluation of all elements and characteristics of injuries to bone and soft tissues associated with malleolar fractures. As such, it has become apparent that the 'key issue' in achieving good outcomes when treating these common injuries is to follow the principle of restoring the stability and alignment of the fractured ankle, using either non-operative or operative treatment, as appropriate. 1, 2 The orthopaedic and trauma community needs to move away from the almost anecdotal 'principles' suggesting, for example, that 2 mm displacement of a distal fibula fracture requires surgical reduction and fixation, or that posterior malleolus fractures affecting less than 25% of the tibial plafond can be treated nonoperatively. To illustrate, the second of these statements is based on an article published in 1940 reviewing only eight ankle fractures involving the posterior malleolus. 1, 3 Internal fixation can lead to surgical complications in up to 20% of cases 4, 5 and is therefore best avoided for those fractures where non-operative management can offer optimal outcomes. However, more complex injuries, such as those involving the posterior structures, require indepth knowledge of the fracture pattern and careful evaluation and planning of any surgery. 2 This review will analyse the principles of stability assessment for ankle fractures and provide a rationale for diagnosis and management.
Applied anatomy, biomechanics, and classifications
The ankle joint can be considered as a 'ring' in which bones and ligaments contribute to the overall stability. If this 'ring' is broken at one site only, it remains stable, but if it is broken at two or more sites, it becomes unstable. The ankle is also divided into two columns: lateral and medial. The lateral column consists of the fibula, the syndesmosis and the lateral ligaments. The syndesmosis between the fibula and tibia is formed by the anterior and posterior inferior tibiofibular ligaments (AITFL and PITFL) and the interosseus ligament, which is the lower part of the interosseus membrane. The lateral ligaments are the anterior talofibular (ATFL), calcaneofibular (CFL) and posterior talofibular (PTFL) and these connect the lateral malleolus to the talus. The medial column consists of the medial malleolus and the medial collateral ligament, known as the deltoid ligament, which is stronger than its lateral counterpart. It consists of superficial and deep components. Furthermore, the deep deltoid consists of two parts: the anterior and posterior talotibial ligaments (ATTL and PTTL). The posterior component is the stronger of the two. It originates from the posterior part of the medial malleolus and inserts into the posteromedial talus, plantar to its articular surface. It is important to note that Instructional Lecture: Trauma this ligament is tight when the foot is plantigrade, and loose with the foot plantar-flexed. Thus, it is tight when the foot bears weight. It is these deep fibres of the deltoid ligament that play a key role in the stability of ankle fractures, especially if the PTTL remains intact following an injury. 6, 7 In the past, lateral column integrity was thought to be the key to a well-fixed and stable ankle fracture. Since 1997, however, it has been recognized that it is probably medial column (medial malleolus and deltoid ligament) integrity that is more important. 1, 2, [7] [8] [9] [10] [11] Ankle injuries result in fractures or equivalent ligamentous damage. An ankle fracture occurs when an external rotation, adduction or abduction force is applied to a foot that is fixed on the ground in supination (70%) or pronation (30%). Although these injuries are described as if the talus rotates in relation to the tibia, it is of course the tibia that rotates in relation to the foot. Less commonly, the foot may move relative to a fixed tibia. In inversion injuries (supination or adduction), initial tension is on the lateral side. This will result either in a fracture of the lateral malleolus or rupture of the lateral ligaments, and the forces may then continue to affect posterior and then medial structures. In eversion ankle injuries (pronation or abduction) the forces will result first in fracture of the medial malleolus or a deltoid ligament rupture. Higherenergy injuries may further damage lateral and then posterior structures, bony or ligamentous.
Many classifications have been proposed to describe these fractures, based either on the anatomy of the fracture or the mechanism of injury. The Danis-Weber (1966) classification is still widely used, probably because it is simple. It is based on the level of the fibular fracture in relation to the distal tibiofibular syndesmosis, distinguishing between types A, B, C where the fracture is below, at, or above the syndesmosis. It was developed on the basis that the lateral column plays the major role in the treatment of ankle fractures and that the higher the fibular fracture, the higher the chance of instability. Although the second is partially true, the classification does not describe the medial bony or ligamentous injuries which contribute to overall stability more than their lateral counterparts, and it cannot therefore differentiate between stable and unstable fractures. 9 It also does not guide management.
The Lauge-Hansen classification (1950) is based on the mechanism of injury, with the first word describing the position of the foot and the second the direction of the force applied to the talus. 12 According to this classification there are four basic types: supination external rotation (SER), supination adduction (SAD), pronation external rotation (PER) and pronation abduction (PAB) ( Table 1 ). The advantage of the Lauge-Hansen classification is that it considers all the components of the injury, including those affecting posterior and medial structures. In a recent study by Warner et al., which correlated the intra-operative findings of 300 ankle fractures with magnetic resonance imaging (MRI) findings, this classification accurately predicted the ligamentous injuries in 94% of cases. 13 In contrast, there are studies that have shown that this classification does not always predict the extent of bony injuries. 14 To fairly appraise the Lauge-Hansen classification, one should probably say that it is old, not validated, and may fail to accurately describe and classify all fracture patterns. On the other hand, it is still useful because it makes us think about the fracture mechanism, predict 'hidden' injuries which may not be apparent on the initial set of standard non-weight-bearing radiographs taken in the emergency department and, possibly, it may guide management.
More recently the Arbeitsgemeinschaft für Osteosynthesefragen (AO) has comprehensively classified all fractures in the body according to a numerical system. According to this scheme, fractures affecting the malleoli are described as 44. They are subdivided into A, B, C with further subtypes 1, 2 and 3, combining features of the two previous classifications (Table 1 ). This classification system is not used in everyday practise, however, and it is probably more useful for documentation and research purposes. 15 How can these classifications guide our treatment? A trans-syndesmotic fibular fracture, corresponding to type B according to the Weber classification, occurs more commonly when the foot is supinated and the body externally rotates (but the tibia internally rotates relative to talus). If the force stops on the lateral side then only two structures have been damaged: the AITFL and the lateral malleolus. These fractures are described as supination external rotation stage 2 (SER 2) and are considered stable injuries. If the rotational force on the foot continues, further sequential injuries involve the posterior malleolus or the PITFL (SER 3) and finally, injuries to either the medial malleolus or the deltoid ligament (SER 4), which are considered unstable injuries (Fig. 1) .
When an external rotation force is applied on a pronated foot, the medial bony and ligamentous structures will be injured first. The external rotation force will then affect the lateral side and can disrupt the syndesmosis and the interosseus membrane, then cause a supra-syndesmotic fibular fracture and, finally, a posterior malleolus fracture or injury to the PITFL. So, when radiographs reveal a supra-syndesmotic ('high fibula') fracture, then, by definition, the medial malleolus is also fractured or the deltoid ligament is damaged and this indicates a more severe, unstable injury that usually requires operative management (Fig. 2) . Lastly, a trans-syndesmotic fibular fracture can occur from an abduction force to the pronated foot (PAB), resulting in an irregular fracture pattern.
The current view is that bi-and trimalleolar fractures are most likely unstable, as the 'ankle ring' has broken in at least two places. unstable injuries are usually the ones which result from PER, producing a type C high fibular fracture and SER 4 injuries. All current classifications have drawbacks but irrespective of which a surgeon uses, it is of key importance to identify all bony and ligamentous components of the injury and to understand their implications for the stability of the fracture.
Diagnosis

Clinical assessment
A patient with an ankle injury usually presents to the emergency department unable to bear full weight.
Obtaining a history of the injury circumstances, including the mechanism, is helpful, if not essential. Initial clinical assessment includes any gross deformity, such as fracturedislocation, the condition of soft tissues (closed or open fracture, swelling, blisters), the exclusion of other injuries and neurovascular examination of the leg. Clinical examination should be undertaken in a methodical sequence on both lateral and medial sides, taking into consideration the severity of pain. Tenderness is normally present in areas where different structures have been affected by the injury. Proximal fibula tenderness should be specifically tested for (Maisonneuve injury). Medial clinical signs such as tenderness, swelling and bruising should be documented, but they are not reliable predictors of instability, as previously thought. 10,11 Medial pain and ecchymosis Fig. 1 The foot is supinated while external rotation (arrow) causes injury to the anterior syndesmosis (1) and a transsyndesmotic distal fibular fracture (2). This is classified as a SER 2 fracture. Higher-energy injuries can sequentially damage the posterior (3) and medial structures (4), which are classified as SER 3 and SER 4 injuries respectively. Injury to these structures can be either osseous or ligamentous (SER 3 either posterior malleolus or PITFL, and SER 4 either medial malleolus or deltoid).
Fig. 2
The foot is pronated while external rotation (arrow) causes injury to the deltoid ligament (a, 1) or the medial malleolus (b, 1). The rotational forces will then cause syndesmosis disruption (2) and a supra-syndesmotic distal fibula fracture (3). With further force, the posterior malleolus or the posterior ligamentous structures may be injured (4).
can result from injury only to the superficial component of the deltoid ligament, whilst the deep deltoid remains intact, providing overall stability to the ankle. 7 In the presence of dislocation or subluxation of the ankle with skin compromise, documentation is mandatory along with the neurovascular status and, after appropriate analgesia has been administered, closed manipulation and reduction is indicated as soon as possible (most surgeons advocate immediate reduction, prior to taking radiographs) to reduce neurovascular damage. Furthermore, the past medical history and social history of the patient should be assessed. Comorbidities such as diabetes mellitus and peripheral vascular disease, as well as previous mobility, activities of daily living and social habits (e.g. smoking) should be documented, as they affect decisionmaking and are prognostic factors. 16, 17 Imaging Plain radiographs, anteroposterior and lateral (non-weightbearing) projections, are part of the initial evaluation. We need to emphasize that currently, these initial 'standard anteroposterior and lateral radiographs' are rarely sufficient for an accurate assessment of all components of the injury. Further mortise and/or oblique views of the ankle can be requested if in doubt, as well as radiographs of the knee and proximal tibia if proximal fibular tenderness is present during the clinical examination, and a Maisonneuve fracture is suspected.
In isolated trans-syndesmotic SER, Weber-B, 44-B injuries (according to the Lauge-Hansen, Danis-Weber and AO-classifications, respectively), one needs to evaluate integrity of the deltoid ligament in order to assess stability. This is achieved by measuring the 'true' medial clear space (MCS) -the distance between medial malleolus and medial talus with the foot in a neutral position and not plantarflexed. Otherwise, in plantarflexion, the narrowest part of the talus is projected and can be one of the reasons why the MCS may appear wider. When the deltoid ligament is ruptured, this space is increased and lateral talar shift occurs (Fig. 3) . A medial clear space of > 4 mm is considered to be abnormal, 7 although accuracy of this measurement is debatable according to a recent cadaveric study. 18 Therefore, all isolated lateral malleolus SER fractures require appropriate dynamic testing, by obtaining weight-bearing (WB) anteroposterior radiographs of the ankle, approximately 5-7 days after the injury, so as to assess fracture stability and decide on further management. 5, 7, 19 The use of WB radiographs is based on the anatomical features of the deltoid ligament as described earlier. Thus, the foot is placed plantigrade as this reduces the talus in the mortise if the posterior part of the deep deltoid ligament, the PTTL, is intact. Manual stress views have been used historically but, as they cannot be routinely and easily standardized and are not always well tolerated by the patient, their practicality has been questioned. Gravity stress views seem to have fallen out of favour as well, given that they tend to overestimate fracture instability, whilst WB radiographs have been shown to be more accurate (Fig. 3 and Fig. 4) . 5, [20] [21] [22] In the literature, the proportion of isolated distal fibula SER type fractures that required surgical fixation, using WB radiographs for assessment, ranges from 3% to 10%. 5, 19, 23 Given that partial-incomplete rupture of the deep deltoid ligament can provide adequate integrity of the medial column, thus providing stability when the foot is plantigrade, in SER fractures, the same concept could potentially be applied to isolated fibula PER fractures, if only the anterior part of the deep deltoid was involved initially in stage 1. Magnetic resonance imaging and/or ultrasound scanning are not routinely used for the assessment of ankle fractures but can be useful in detecting ligamentous injuries. 24, 25 The authors believe, however, that these imaging modalities are not useful in the acute setting, as their accuracy in detecting complete versus partial deltoid ligament ruptures is controversial. Furthermore, WB radiographs for isolated fibula fractures offer a dynamic and pragmatic evaluation of the stability of the fracture. 19, 20, 26 For more complex fractures, including fracturedislocations and other high-energy injuries or, when a posterior malleolus fracture is suspected (such as in an SER 4 injury where there is no obvious osseous posterior -SER 3 -injury), or clearly detected on radiographs, a computed tomography (CT) scan of the distal tibia and hindfoot is mandatory. These fractures are usually unstable and require operative management. CT scanning is designed for assessing impaction, detecting all fracture components and to aid preoperative planning (Fig. 5) . 2 Although some centres in Europe and the united States advocate CT scanning of every ankle fracture, there is no evidence that it should be used routinely for simple fractures (e.g. isolated distal fibula fractures), provided that one can be certain that no posterior malleolus, or Maisonneuve fracture has been missed.
Treatment
The aim of treatment of ankle fractures is to reduce and hold the talus anatomically within the ankle mortise. Studies have shown that there is a significant increase in intraarticular contact stresses even with minimal residual displacement of the talus, leading to degenerative changes of the joint. 27 The initial management of all ankle fractures involves immobilization in a splint -after reduction, if there is dislocation. Further decisions regarding definitive treatment, either conservative or surgical, depend on the stability of the fracture, as detected on the initial but also subsequent WB radiographs.
If the non-weight-bearing (NWB) AP or mortise radiograph shows no suspicion of widening of the medial clear space, and the weight-bearing X-ray also reveals no widening of the MCS, then this is an SER 2 fracture, which is stable and can be managed in a boot, splint (or cast if patient prefers) and weight bearing as tolerated (WBAT) should be the default instruction. If the presenting NWB views, however, do reveal widening of the MCS but the WB views do not, then this is an SER 4a injury, where the anterior deep deltoid ligament (DDL) is torn but the posterior DDL is not (or a significant proportion of it is still intact). Because the posterior DDL is tight when the ankle is neutral, and loose when plantarflexed, this fracture is potentially unstable if managed in a splint or boot. This is because, if in a removable device, the patient will remove it to bathe, sleep, and when at rest and so the ankle will often be allowed to plantarflex, meaning that the injured DDL will potentially heal "long", resulting in later, chronic instability. Thus, this injury must be treated in a formal cast but again, WBAT should be the default instruction (even full weight bearing is allowed). If, however, the WB x-rays reveal widening of the MCS then, irrespective of the presenting emergency department NWB x-rays, this is an SER 4b fracture, which is definitely unstable (posterior DDL also torn), and therefore needs fixing. If a patient cannot bear weight at all (which is rare), then this must be treated as a potentially unstable fracture (Table 2) . 1, 5, 7, 21, 22, [28] [29] [30] Surgical treatment involves open reduction and internal fixation, following the AO principles. Regarding the lateral malleolus, lag screw fixation with a neutralization 1/3 tubular plate is the most common technique. If the fracture pattern/obliquity of the fracture allows more than one lag screw a neutralization plate is not mandatory, and excellent results have been described in young patients, especially in long oblique fractures, avoiding complications related to prominent metalwork. 31 Comminuted or transverse high-energy fibula fractures require stronger fixation with locking or reconstruction plates. Locking plates are also an option, as well as posterior plating of the fibula, when the configuration of the fracture allows it, and studies have shown improved stability on biomechanical testing in osteoporotic bone. 32, 33 The clinical results, however, for the use of locking plates in elderly patients have been less satisfactory, showing a higher infection rate when compared with the standard technique. 34 This should be considered along with their higher cost. Intramedullary fixation of the fibula has also been described, especially for elderly patients with poor soft tissues, as producing satisfactory results. 35 Fixation of the medial malleolus can be achieved using lag screws or a tension band wire technique (or smallergauge cortical screws, e.g. 2.7 mm) if the fragment is small. Two partially threaded cancellous screws are traditionally placed perpendicular to the fracture and parallel to each other. However, in good bone, fully threaded cortical screws, used in lag fashion, have been shown to be equal to, or superior to partially threaded cancellous lag screws. 36 For comminuted medial malleolar fractures, smaller sized screws can and should be utilized. In vertical fractures of the medial malleolus, such as in those resulting from SAD type injuries, fixation is achieved using a buttress plate, or a plate with lag screws inserted through it, after reduction of the impacted medial plafond.
Assessment of the syndesmosis with an intraoperative hook test should follow fixation of the fractures. No consensus exists regarding the optimum method of stabilization of the syndesmosis. Small fragment screws (3.5 mm) or large fragment screws (4.5 mm), engaging three or four cortices, sometimes through a plate, as well as flexible suture devices, have been used (Fig. 6) . No method has been shown to produce superior results compared with the others. 37, 38 Syndesmosis screw insertion should only be performed after the syndesmosis has been reduced (preferably open). A large (pelvic) clamp should be used, with the tines of the clamp positioned appropriately following normal anatomical relations, from the lateral fibular apex to the anterior half of the medial malleolus (from posterolateral fibula to anteromedial supramalleolar area), so as not to mal-reduce the fibula into the incisura. Care is taken not to over-compress the syndesmosis as the screw(s) needs to be in a position 2-3 cm above the joint line. The necessity of screw removal is debatable, as well as the appropriate time for removal. Many surgeons advocate leaving the screws in situ for at least 3 months, in order for the syndesmotic ligaments to heal adequately. The patient has to be warned that the screws might break.
Other surgeons remove the screws at 6 weeks, and an increasing number of surgeons are leaving them in with the expectation that they break, but with no detriment to the patient or to function. 39, 40 The literature does not provide any high-quality evidence regarding the superiority/inferiority of the different options. 41 The Tightrope™ ('suture-button') device is an alternative to screw fixation of the syndesmosis, but results are unproven. The theoretical advantage is that it does not require removal and allows some motion at the syndesmosis, thereby possibly allowing some degree of selfreduction if not accurately placed. However, it is more expensive, neither its tension nor stability is adjustable and its use has been associated with adverse reactions, pain and the need for removal. Generally, it has not been shown to offer superior results compared with 'conventional' screw fixation. 42, 43 Certainly, it should not be used where there is vertical instability, such as when a syndesmotic injury is associated with a multifragmented high Weber C-type/PER fibula fracture. 44 We would like to draw readers' attention to two issues related to syndesmosis screw fixation. Firstly, syndesmosis mal-reduction is more common than previously thought (up to 30% in some studies) if postoperative CT scanning is used for evaluation. 45 Therefore, many surgeons advocate open (not percutaneous) reduction of the syndesmosis before fixation. Arthroscopic evaluation is an alternative, to ensure reduction of the fibula into the incisura. Secondly, fixation of the syndesmosis alone, especially in 'high fibula' fractures does not compensate for lack of accuracy in restoring fibula length and rotation. Thus, anatomical fixation of the fractures first is mandatory, and then the need for syndesmosis fixation should be assessed.
When the ankle injury involves a fracture of the posterior malleolus, this should be anatomically fixed in order to restore stability, after appropriate investigation with a CT scan. 2, 46 . A recent systematic review showed that, according to published studies, surgeons most commonly perform surgical fixation of posterior malleolar fractures only when these exceed 25% of the articular surface of the tibial plafond. 47 We mentioned earlier that this 'principle' is based on a study from the 1940s! In the last decade there have been a number of studies that have shown that internal fixation of posterior malleolus fractures stabilizes the syndesmosis more than syndesmotic screws or suture buttons, thus making syndesmotic fixation unnecessary, with intra-operative testing still being applicable. 48, 49 It also affects the clinical outcome as shown in studies using patient-related outcome measures. 50, 51 Recent evidence has also shown that the smaller the fragment, the more likely it is to affect syndesmotic stability. 52 Thus, many posterior malleolus fractures require surgical fixation. Large ones are carried out to restore normal anatomy of the tibial plafond and small ones to help restore syndesmotic stability and to improve contact pressure distribution (Figs. 7-10) . 52 Operative treatment is better undertaken with the patient in the prone or recovery position. 53 A posterolateral or posteromedial approach is utilized depending on the location of the posterior fracture, as identified on preoperative CT imaging. The fragment needs to be reduced and fixed with a small plate or screw(s). A posterior 1/3 tubular buttress plate can also be used to facilitate reduction. Extra care with the reduction should be taken in the presence of joint impaction or intercalary fragments. Furthermore, the lateral malleolus can be approached through the same incision if a posterolateral incision is used. For the majority of cases, the authors do not recommend fixing the posterior malleolus with anterior to posterior inserted screws. It is riskier to insert a screw from the anterior tibia due to the anterior neurovascular bundle; mal-reductions are common and biomechanically it is not logical to fix the tibia into the smaller fragment.
Conclusions
The medial column, and especially the deep portion of the deltoid ligament with its anterior and posterior parts, has been recognized as being of key importance to the stability of ankle fractures, especially SER-type isolated lateral malleolus fractures. The lateral and posterior columns have a significant role as well, especially in PER-type injuries. Irrespective of what classification a surgeon uses, correct identification of all the osseo-ligamentous components of the injury is important in guiding treatment. If there is doubt regarding the stability of a fracture on the initial radiographs, as with isolated trans-syndesmotic fibular fractures (i.e. SER 2 versus 'hidden' deltoid SER 4), Fig. 8 The CT scan revealed intra-articular fragments and slight mal-reduction of the syndemsosis. Fig. 9 Revision surgery was undertaken. The posterior malleolus and fibula fractures were fixed through a posterolateral approach. Stress examination (middle view) revealed no syndesmosis instabililty, and no syndesmosis screws were needed.
Fig. 10
The patient made an uneventful recovery and resumed ordinary activities, including high-impact physical exercise, at 6 months.
weight-bearing radiographs should be taken within a week. Fractures that are considered stable can safely be treated non-operatively. Fractures that are unstable will need open reduction and internal fixation and preoperative planning is essential. Computed tomography scanning of the ankle is mandatory, as part of this planning, in the presence or suspicion of a fracture of the posterior malleolus. Likewise, if there is impaction, or intercalary fragments are suspected. Fixation of the posterior fragment through a posterior approach should be undertaken as this can reduce the need for syndesmotic fixation.
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